Composite design of three factors, isopropanol concentration, holding time and temperature were studied as an independent variables factors influencing in the isolation of flaxseed mucilage from methanolic extract. Rheological properties, emulsifying activity index (EAI), emulsion stability index (ESI), foam capacity and stability of isolated flaxseed mucilage (IFM) and crude flaxseed mucilage (CFM) were determined in comparison to other gums (Arabic gum, guar gum, carboxy methyl cellulose, xanthan or corn starch). Predicting individual isolation yield (Y) was assumed by quadratic polynomial regression model for the independent variables. A 60.6 % isopropanol concentration, 28.7 min. and 31.2 °C were the optimum conditions to produce the higher isolated flaxseed mucilage yield. Isolation process improved the dynamic viscosity of IFM compared to the CFM. Also IFM could be competing each of xanthan and guar gums. Flow behavior indexes (n) of the different polysaccharides were less than 1.0 indicating their pseudoplastic nature. IFM had higher consistency index (К) and lower n values than CFM implying that solution was more viscoelastic and shear thinning. IFM enhanced the EAI and ESI in a model system and came in the second order behind a guar gum while CFM came in the seventh order. IFM appeared a good ability to stabilize the foam model system whereas came in the first order compared to other polysaccharides. Color parameters were improved in the IFM compared to CFM with a significant differences (P<0.05). It could be concluded that the IFM can be possible to use as a stabilizer or a thickening agent in food products.
INTRODUCTION
Flaxseed (Linum usitatissimum) is an annual plant of the linaceae family. The fruit contains a seed known as flaxseed or linseed (Pradhan et al. 2010) . Flaxseed is one of the oldest crops known to man, and is cultivated for fiber and oil. It was used for medicinal purposes in ancient Egypt and Greece, mainly to relieve abdominal pains and also an energy source (Berglund, 2002; Kishk, 2004) . The Egypt annual production of flaxseed during 2012 was 4000 tons (FAO, 2013) .
Flaxseed is considered a source of functional ingredients, because it contains α-linolenic acid (Bozan and Temelli, 2008) , lignans and polysaccharides (other than starch), all of which have positive effects in disease prevention (Bierenbaum et al., 1993; Cacace and Mazza, 2006; Udenigwe, et al., 2009) . Flaxseed is one of the richest sources of plant lignans, being very rich in the lignan secoisolariciresinol diglucoside (SDG) (Kordali et al., 2005) . It also contains small amounts of the lignans matairesinol, pinoresinol and isolariciresinol (Clevel and Bhatnagar 1992; Chen et al., 1998) . SDG, a lignan precursor, is converted by the bacterial flora of the human colon to two major mammalian lignans, enterodiol and enterolactone (Dietary phytoestrogens). Lignans are thought to exert protective effects by interfering with endogenous sex hormone metabolism (Adlercreutz et al., 1981) . Dietary phytoestrogens have been studied as potential compounds in cancer prevention (Oomaha, 2001; Prasad, 2005) . Moreover, flaxseed mucilage works as an estrogen hormone in menopausal women (Ferguson et al., 1989; Ayers and Loike, 1990) . Enterolactone and enterodiol which are thought to have beneficial effects on human health, due to (anti) estrogenic, antinflammatory, and antioxidative effects as well as the ability to reduce cancer and cardiovascular risks (Adlercreutz, 2007; Kitts et al., 1999) . Free radicals can damage tissues and have been implicated in the pathology of many diseases like atherosclerosis, cancer and Alzheimer's disease (Pratic, 2001) . The antioxidant action of Seco and enterodiol is greater than that of vitamin E (Bhathena and Velasquez, 2002; Barbary et al., 2010) . Antioxidants are considered important nutraceuticals on account of many health benefits (Lee et al., 2004; Touré and Xueming 2010) .
Flaxseed mucilage appears a function characteristics resemble the Arabic gum (Fedeniuk and Biliaderis, 1994) . Flaxseed mucilage is a heterogenic polysaccharide (Wanasundara and Shahidi, 1997) . Dev and Quensel, (1988) reported that flaxseed can be employed in food systems to improve water binding and emulsifying properties. Food hydrocolloids are high molecular weight hydrophilic biopolymers used as functional ingredients in the food industry for the control of microstructure, texture, flavor and shelflife (Dickinson, 2003) . Flaxseeds are ranging in color from a deep brown to a light yellow (Daun, et al., 2003) . Seed color is determined by the amount of pigment in the outer seed coatthe more pigment, the darker the seed (Morris, 2007) . Flaxseed mucilage is a carbohydrate gum like material associated with the hull of flaxseed (Bhatty and Cherdkiatgumchai, 1990) . Flaxseed mucilage that extracted by 10 % ethanol had low brightness value (48.99) and high redness and yellowness values (9.34 and 22.66, respectively) (Kishk et al., 2011) . More darkness in the color of the cookies or pasta was observed as the level of the supplementation of the flaxseed flour (Hussain et al., 2006; Gupta and Shivhare 2012) . Previous studies differed in seed/ water ratio that used for extraction mucilage ranged between 1/10 (Wanasundara and Shahidi, 1997) to 1/40 (Singer et al., 2011) . Many researchers worked on the optimization of ethanol-water extraction of mucilage from flaxseed (Kishk 2004; Zhang et al., 2007) . In all previous studies the mucilage extract was dried without isolation from the extraction solution. As a result of this practice the extracted pigments, proteins and ash associated with the final mucilage product. It leads to produce dark mucilage and weakening functional properties. Stabilization of emulsions depending on the purity of the mucilage (Kadivar, 2001) .
Therefore, the objectives of this study were to optimize the isolation process of flaxseed mucilage from extraction solution. Isopropanol concentrations, temperatures and holding times were used as independent variables to define a range of variables necessary using the three dimension response surface method. The emulsifying, foaming and rheological properties of high yield resulting mucilage were evaluated in comparison to crud flaxseed mucilage, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch were also evaluated.
MATERIALS AND METHODS

Materials
Brown flaxseed (Linum usitatissumum) obtained at harvest season 2012 from Agriculture Research Center, Ministry of Agriculture, Giza, Egypt. Also defatted soy bean flour purchased from Agriculture Research Center, Ministry of Agriculture, Giza, Egypt. Samples of xanthan gum (practical grade) and guar gum were obtained from Sigma chemical and Gumix International Companies. Carboxymethylcellulose, Arabic gum and corn starch were purchased from El-Gomhoria Company for Drugs and Chemicals, Cairo, Egypt. Albumin egg powder was obtained from El-Nasr Pharmaceutical Chemicals Company, Cairo, Egypt.
Methods
Mucilage extraction and isolation
Flaxseed mucilage was extracted at optimum conditions described by Kishk, (2004) . Flaxseed was mixed with 10 % ethanol solution with a ratio 1/12. The temperature was raised to 67 °C with agitation on magnetic stirrer. The produced extract was dried in oven at 50 °C until constant weight. Then, grinded to powder particle size form and bottled in brown glass till used as crud flaxseed mucilage (CFM).
The different independent variables included isopropyl alcohol concentration, holding time and temperature were studied to produce the highest yield (dependent variable) from isolated flaxseed mucilage. Isopropyl alcohol was added to the flaxseed mucilage extract using different concentrations 0, 33, 50, 60 and 67 % (v/v) from the all final solution. In the same time effect of holding at different times (10, 20 and 30 min.) and different temperatures (30, 40 and 50 °C) were studied. The coagulated flaxseed mucilage dried at 50 °C then, grinded to the powder particle size form and bottled in brown glass tell used as isolated flaxseed mucilage (IFM).
Preparation of soy protein isolate
Soy protein isolate (SPI) was prepared according to the method described by Hirotsuka et al., (1984) . Twelve parts of hot water (50 °C) were added to one part of the defatted soy flour, and the pH was adjusted to 7.5 with 5 N NaOH. The mixture was stirred for one hour at 50 °C, then centrifuged at 3000 xg for 10 min. The supernatant was adjusted to pH 4.5 with 1 N HCl and centrifuged at 3000 xg for 10 min. The resulting precipitate was washed with a ten-fold volume of water and centrifuged at 3000 xg for 10 min. Finally, the precipitate was dissolved in an appropriate amount of water, centrifuged and dried under vacuum at 50 °C for 12 hr. Thereafter, the SPI was ground and stored in dark bottle at room temperature till used.
Chemical analysis
Moisture, ash, crud lipid and protein (N x 5.70) analyses carried out according to the AACC (2000) .
Rheological measurement
Viscosity and flow properties of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch at concentration of 0.06 % were measured as described by Gladwell et al. (1985) . The rotational viscometer rheo-test, type RV was used in a determination. The tested material was introduced into the "S1" cylinder of the viscometer at pH 7 and 25 ˚C. In such a case, shear stress was developed at shear ranging from 3.0 to 1312/sec. The dynamic viscosity was calculated according to the following formula:
Where: η = Dynamic viscosity in cp σ = Shear stress dyne/cm 2 . γ = Shear rate sec -1 (σ) was calculated from the obtained torque value (α) and the cylinder constant Z (dyne/cm 2 ) according to the following equation:
The power low parameters consistency index (K) and flow behavior index (n) were calculated from the regression coefficients of log shear rate and log shear stress data as mentioned by Paredes et al. (1988) . The power law equation is as follows:
Apparent viscosity (µ) at shear rate of 48.6 s -1 was calculated from the experimental values as follows. µ= k. γ n-1 (4)
Emulsifying activity index and emulsion stability
Emulsifying activity index (m 2 g -1 ) was determined at pH 7 using soy protein isolate (5 mg/ml water) as model system according to method introduced by Cameron et al., (1991) . Ten ml corn oil and 30 ml soy protein isolate aqueous solutions contained 0.05 % (w/v) of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch were used. The mixtures were homogenized by warring blendor for 60 sec., and then the emulsion transferred to the100 ml glass beaker. 0.1 ml emulsion was immediately taken from the bottom of the beaker and diluted to 50 ml with 0.1 % sodium dodecyl sulfate. The absorbance of the diluted emulsion was measured at 500nm. The initial A500nm measurement was taken to be the emulsifying activity, while emulsion stability was measured at A500nm after 20, 40 and 60 min. emulsifying activity index (EAI) and emulsion stability index (ESI) were calculated according the following equation:
Where: L, length of cuvette and C, concentration of polysaccharide Foam capacity and stability Foam capacity (ml) of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch in egg albumin model system was determined according to method reported by Mott et al. (1999) . The model system prepared by 0.05 % polysaccharide in 1 % egg albumin aqueous solution at pH 7. The volume of foam (ml) was measured at 30 sec. after whipping for 1 min. and was reported as foam capacity. The volume of foam after incubation at room temperature for 20, 40 and 60 min. was expressed as foam stability.
Color measurements
Color measurements (L*, a*, b*) of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch solutions (0.6 %) were analyzed with a colorimeter (Spectrophotometer MOM, 100 D, Budapest, Hungary) according to Humphries et al., (2004) . L* values represent brightness on a 0 (pure black) and then 100 (pure white) scale, a* values range from -60 (pure green) to +60 (pure red) and b* values range from -60 (pure blue) to +60 (pure yellow). Each L*, a* and b* value printed is averaged from three readings.
Statistical analysis
Optimum mucilage yield (Y) and the obtained data were analysed by nonlinear regression model. The model proposed for response of Y presented as follows:
where yo, a, b, c and d are intercept and linear, quadratic regression coefficient terms, respectively. C (isopropanol concentration), T (temperature) and t (holding time) are independent variables. Analysis of variance was used to compare between means by Duncan multiple range at significance 5%. Means with different letters are significantly different. Anova and regression analysis (using PROC ANOVA and REG procedures) were carried out by Statistical Analysis System (SAS Program, 1996) . Harvard Chart Xl software (Harvard Chart Xl Programe, 1999) was used to apply the three dimension response surface method to locate the optimum isopropanol concentration, temperature and holding time.
RESULTS AND DISCUSSION
Proximate composition
The chemical composition of CFM and IFM is presented in Table (1) . Each of CFM and IFM characterized by low moisture content (5.6 and 6.1, respectively) with a significant difference (P<0.05). The CFM had a high content of ash, protein and crud lipid. On the other hand, the ash, protein and crude lipid content were decreased with isolation process to the minimum percent in IFM. The ash and protein percent significantly (P<0.05) decreased from 9.1and 1.3 % in CFM to 2.3 and 0.7 % in IFM. The crud lipid not detected in an IFM. The nitrogen free extract content in IFM was significantly (P<0.05) higher than that in a CFM with a values 90.9 and 83.0 %, respectively. According to the obtained data the isolation process lead to produce flaxseed mucilage with a high purity compared to the flaxseed mucilage that prepared by the traditional methods. 
Optimization of mucilage isolation
The effects of isopropanol concentration (C), temperature (T) and holding time (t) on the isolated mucilage yield were studied by using three dimension response surface method which presented in Figure 1 . Each isopropanol content in mucilage water extract and holding time had a significant effect on the mucilage yield ( Fig. 1, A) . Mucilage yield increased from 27.0 to 84.1 % with increasing the isopropanol concentration and time from 0.0 to 60.6 % (V/V) and 10 to28.7 min. respectively at temperature 30°C. The polynomial predicted equation of different independent variables presents in (Eq. 1).
Yield= -129.0+ 6.1C+0.32t-0.046C 2 +2.60t 2 R 2 =0.9882 (7) T im e (m in .)
Te mp era tur e (°C ) C Effects of temperature and isopropanol concentration on the mucilage yield were studied at constant time 30 min. (Fig. 1, B) . Mucilage yield was affected by each of the temperature and isopropanol concentration. The predicted values of different studied variables gave the highest mucilage yield (84.14 %) were 60.6 % isopropanol (V/V) and 31.2 °C. The predicted model (Eq. 2) reflects the relation between the variables.
Polynomial regression of the mucilage yield at different temperatures and times presents in Fig. 1, C . Upon the basis of apparent changes in extraction yield affected by temperature and time at concentration 67 %, a higher mucilage yield 86.4 % was observed at 31.2 °C and 28.7 min. The model linked between temperature and time shows in Eq. 3.
Yield= 35.2-0.65t + 3.0 T + 0.022t 2 -0.043T 2 R 2 = 0.7142 (9) Multiple regression coefficients were presented in Table ( 2) to predict polynomial model (Eq. 4) for isolated mucilage yield. The model was tested for adequacy by analysis of variance. The regression model for data were highly significant (P<0.01) with R 2 =0.9654. The coefficients of variation (CV) were <6.71%. The predicted model for extracted mucilage yield (Y) was reported as follows:
Yield=-111.5+5.790C-0.295T+0.403t-0.043C 2 (10) Consequently, the obtained predicted model is possible for identify the optimum conditions required to produce a high yield of isolated mucilage from mucilage extract. It could be concluded that, the extraction by ethanol 10 % give a high mucilage yield than water (Kishk, 2004) . However, 60.6 % isopropanol concentration at 31.2 °C for 28.7 min were the optimum conditions to produce a higher mucilage yield.
Rheological parameters
In comparison with other polysaccharides, CFM at low shear rates had intermediate viscosity (Figure, 2) . Higher viscosity values were noticed for CFM in comparison with those of corn starch and Arabic gum and lower values than those of CMC, xanthan, IFM and guar gum, respectively. It can be observed, the isolated flaxseed mucilage from the extracted solution had a higher viscosity values than CFM. The CFM had a viscosity between each of the Arabic gum and guar gum. Mazza and Biliaderis, (1989) reported that the flaxseed mucilage at low shear rates had intermediated viscosity between gum Arabic and guar gum. On the other hand, the IFM viscosity was improved compared to the CFM. At high shear rates, differences in viscosity among different examined polysaccharides were maximized. The order of increasing viscosity was as follows: CMC> xanthan> IFM> guar gum> CFM> corn starch> Arabic gum (Figure, 3) . The difference between the viscosity of IFM, guar gum and xanthan was negligible while, it was greater between IFM and CMC. The isolation process of IFM lead to improve its dynamic viscosity compared to other polysaccharides. The flow behavior index (n) could be obtained from the slope of the double logarithmic plots of γ and σ, while consistency index (К) could be computed from the same plots by reading σ value at shear rate ranging from 3 to 1312 sec -1 . The results are given in Table ( 3) for CFM, IFM as well as other different studied gums. The determination coefficient (R 2 ) for the regression analyses of the log shear stress-log shear rate data was ranged between 0.8829 and 0.9863. It could be indicated that, the good fit was between the experimental data and model. The flow behavior indices (n) of the different tested solutions were less than 1.0 (ranging between 0.23 and 0.47) indicating their pseudoplastic nature.
Concerning the data presented in Table ( 3) the К value of the solution prepared using xanthan showed the highest value being 27.5. К values for solutions prepared using IFM and CMC were in the second and third order being 23.4 and 19.4, respectively. A К value of CFM was 18.6 which lower than the value of IFM.
According to the apparent viscosity, data recorded indicate that the IFM had a value 1.40 higher than Arabic gum, guar gum and corn starch that had values 0.16, 0.79 and 0.23, respectively. According to the previous presented data, the IFM can be compete the commercial polysaccharides like xanthan, Arabic gum, guar gum and corn starch in its food industry applications. This is in agreement with the fact that polysaccharide preparations of high intrinsic viscosity also exhibit greater shear thinning properties (Hales et al., 1982 and Launay et al. 1986) . 
Emulsifying activity and emulsion stability indices
Emulsifying activity and emulsion stability indices (m 2 g -1 ) of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch in model systems are presented in Table ( 4). The model system containing SPI (5 mg/ml aqueous solution) mixed with 0.05 % from the examined polysaccharide at pH 7.
All tested polysaccharides were characterized by significantly (P<0.05) higher emulsion activity index than SPI (55.1 m2/g -1 ) in the model system. Emulsifying activity index of IFM significantly (P<0.05) enhanced with value of 140.8 m2/g -1 compared to CFM that had value of 76.7 m2/g -1 . In the same time the IFM could be competed the other commercial polysaccharides. The emulsifying activity index of polysaccharides ranged between 143.0 8 m2/g -1 for guar gum to 105.58 m2/g -1 for corn starch. The IFM was significantly (P<0.05) being in the second order after guar gum that had the highest emulsifying activity index value. The emulsion stability indices in different model systems were gradually decreased during 60 min. of holding time with significant differences (P<0.05). The emulsion stability index after 60 min. of emulsion that prepared using IFM was significantly (P<0.05) better than the emulsion stability index of emulsion prepared using CFM with values were 87.6 and 31.1 m2/g -1 , respectively. In the same time, IFM appeared significantly (P<0.05) high stability of emulsion during holding time with higher value than all of the studied polysaccharides except guar gum. Stabilize an emulsion depending on the purity of the mucilage (Kadivar, 2001) . Guar gum emulsion came in the first order with high emulsion stability index being 97.9 m 2 /g -1 after 60 min. In contrary, the CFM came in the fifth order compared to other polysaccharides with significant differences (P<0.05). Associative interactions between proteins and polysaccharides lead to the formation of interpolymer complexes. Complex formation with charged polysaccharides, either anionic or cationic, gave soluble complexes substantially increase the emulsion stability of the both proteins (Tolstoguzov, 1998; Braudo et al., 2001) . Buffo et al. (2001) reported that, the most important colloidal interactions in emulsions are Van der Waals, electrostatic and polymeric steric. 
Foam capacity and stability
Foam capacity and stability (%) of CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch in model systems presented in Table 5 . The model systems containing 1 % egg albumin mixed with 0.05 % CFM, IFM, Arabic gum, guar gum, carboxy methyl cellulose, xanthan and corn starch at pH 7. The model system contained IFM had significantly (P<0.05) the highest foam capacity value 349.3 % compared to egg albumin and other polysaccharides. An aqueous mucilage solutions exhibits high solubility and good foam stabilizing properties (Mazza and Biliaderis, 1989) . On contrary, CFM had the lowest foam capacity value (219.3 %). The foam capacity for other studied polysaccharides ranged between 224.0 to 333.0 %. On the other hand, with increasing the holding time, the foam volumes in all model systems were decreased ( Table 5 ). The foam stability values were significantly reduced after 60 min. The foam stability (250.6 %) of solution prepared using IFM was significantly (P<0.05) better than that of solutions prepared using CFM or other polysaccharides. In foams, the pressure in the dispersed phase is always higher than the pressure in the continuous phase. These pressure difference is given by the Laplace equation (ΔP = 2γ/r) where γ is the interfacial tension and r is the radius of the gas bubbles. This capillary pressure causes drainage and thinning of the liquid film and eventual collapse of the film (Bergeron 1999; Stubenrauch and Klitzing 2003) . According to the Laplace equation the IFM had positive effects on the interfacial tension and the gas bubbles radius to increase the thickening of the liquid film and prevents its thinning by decrease the pressure that lead to enhance the foam capacity and stability. On the other hand, the foam stability of 1 % egg albumin was significantly enhanced with the addition of flaxseed mucilage or other gums compared with foam stability of egg albumin solution. The main role on the stabilization of proteinpolysaccharide stabilized interfaces was identified on the elasticity of the interface (Miquelim et al., 2010) . IFM appeared good ability to stabilize the foam system was noticed for IFM whereas; CMC was in the second order with value 206.0 %. In this respect, Tolstoguzov (1998) indicated that proteinpolysaccharides complex, as foam stabilizers are superior to protein alone because the complexes oppositely charged proteins. Generally, isolation of flaxseed mucilage from the extraction solution contributed in enhancement the role of IFM as foam stabilizer.
Mixtures of oppositely charged proteins and polysaccharides have a tremendous relevance in foods because they offer a unique possibility to adjust texture in gels and to stabilize surfaces and interfaces via electrostatic interactions, a process generally referred as coacervation (Onesippe and Lagerge, 2009 ). Furthermore, the electrostatic complexation of a protein with a polysaccharide can also provide a protective functionality, by preventing for example protein denaturation (Capitani, et al., 2007) . Generally, the performance of proteins alone in stabilizing foams can be improved by the addition of others stabilizing agents, usually polysaccharides (Narchi et al., 2009) . 
Color measurements
Color parameters of CFM, IFM and other different polysaccharides are presented in Table ( 6) . The L * (brightness) values of the IFM was significantly (P<0.05) higher than the CFM. Whereas, the L * value enhanced from 22.4 in CFM to 25.0 in IFM. In the same time, the L * values of polysaccharides under this study ranged between 93.03 for corn starch to 15.30 for Arabic gum. It could be noticed that the L * value of IFM significantly (P<0.05) rearranged to became in the third order while, the L * value for CFM became in the fifth order compared to other polysaccharides. On the other hand, the isolation process turned the b * (yellowness) value from the yellow direction to around the white and black axis. This mean, the b * value significantly (P<0.05) improved from 3.06 in CFM to -0.93 in IFM. On contrary, the isolation process lead to decreases the value of a * (redness) from -8.03 in CFM to -11.83 in IFM. The traditional method that used by Kishk ,(2004) depended on drying the mucilage extract by evaporation of water. This method leave pigments, minerals and protein with the dried flaxseed mucilage. Generally, using the optimum conditions to isolation flaxseed mucilage from the aqueous solution improved the color parameters of IFM compared to the CFM. 
Conclusion
According to the response surface method, the best conditions to isolate of flaxseed mucilage was studied. The predicted variables were 60.6 % isopropanol concentration with holding time 28.7 min. at 31.2 °C. The isolation process was improved the IFM characteristics. The rheological, emulsifying, foam and color characteristics were significantly (P<0.05) enhanced in IFM compared to the CFM and other examined polysaccharides. The obtained results recommended that the IFM it can be used in a wide range of different food types.
